A water-distilled essential oil (EO) from the aerial parts of Pimpinella cypria Boiss. (Apiaceae), an endemic species in northern Cyprus, was analyzed by GC-FID and GC-MS. Forty-five compounds were identified in the oil, which comprised 81.7% of the total composition. The compound classes in the oil were oxygenated sesquiterpenes (33.9%), sesquiterpenes (22.0%), monoterpenes (11.4%), oxygenated monoterpenes (2.6%), and phenylpropanoids (7.5%). The main components of the oil were (Z)--farnesene (6.0%), spathulenol (5.9%), ar-curcumene (4.3%), and 1,5-epoxy-salvial(4)14-ene (3.8%). The P. cypria EO deterred yellow fever mosquitoes (Aedes aegypti) from biting at a concentration of 10 g/cm 2 in in vitro bioassays. The oil was tested for repellency in assays using human volunteers. The oil had a minimum effective dosage (MED) for repellency of 47 ± 41 g/cm 2 against Ae. aegypti, which was less efficacious than the positive control N,N-diethyl-3-methylbenzamide (DEET). In larval bioassays, P. cypria EO showed an LC 50 value of 28.3 ppm against 1 st instar Ae. aegypti larvae. P. cypria EO demonstrated dose dependent repellency against nymphs of the lone star tick, Amblyomma americanum. Between 45.0% and 85.0% repellency was observed at concentrations ranging from 26 to 208 µg/cm 2 . However, P. cypria EO was less effective compared with DEET in the tick bioassays. Cytotoxicity assays showed that the P. cypria EO did not exhibit significant effects up to the maximum treatment concentration of 50 µg/mL on HEK293, PC3, U87MG, and MCF cells. P. cypria EO also demonstrated moderate antimicrobial activity against Gram-negative and -positive bacteria with MICs ranging from 15.6 to 62.5 g/mL, except for Candida albicans, which showed the same MIC value of 7.8 g/mL as the positive control, flucytosine. This is the first report on the chemical composition of P. cypria EO and its insecticidal, toxicant, cytotoxic, and antimicrobial activity.
In Cyprus, the genus Pimpinella L. (Apiaceae) is represented by four species: P. anisum L., P. cretica Poir., P. peregrina L., and P. cypria Boiss. [1] . Among them, only one species, P. cypria, is endemic; it grows on the northern coast of Cyprus [1] and is locally known as "Kibris tas anasonu" (Cyprus rock anise) [Salih Gucel, personal communication] . P. cypria can be distinguished from other Pimpinella species growing in northern Cyprus by its habitat, woody rootstock, and leaves that persist all year long [1] . Pharmacological and biological studies have shown that some Pimpinella species possess antimicrobial, antifungal, antioxidant, anti-inflammatory, anticonvulsant, antispasmodic, estrogenic, cytotoxic, insecticidal, and repellent properties [2a-c, 3a-f] . Monoterpene and sesquiterpene hydrocarbons, trinorsesquiterpenes, and phenylpropanoids are dominant chemical groups in the Pimpinella EOs and the 2-hydroxy-5-methoxy-1-(E)propenylbenzene skeleton, known as pseudoisoeugenol, has only been found in Pimpinella EOs so far [4a-g] . Previously, we isolated and described two new phenylpropanoids, one new sesquiterpene, one new trinorsesquiterpene along with 14 known phenylpropanoids and four known sesquiterpenes from Pimpinella essential oils (EOs) [2a-b, 4a-b] . In our continued research on the chemical profile and biological activity of Pimpinella EOs, we have now determined the chemical composition of P. cypria EO and its insecticidal, cytotoxic, and antimicrobial activity. To our knowledge, there have been no previous reports on either the phytochemistry or biological activity of P. cypria.
Forty-five compounds were identified by GC-FID and GC-MS. The P. cypria EO was comprised of a large amount of sesquiterpenes (55.9%), 22.0% of which were represented by sesquiterpene hydrocarbons and 33.9% by oxygenated sesquiterpenes. The remaining constituents were monoterpene hydrocarbons (11.4%), phenylpropanoids (7.5%), oxygenated monoterpenes (2.6%), and others such as octanol, 2-methyl-5-methoxy benzofuran, hexahydrofarnesyl acetone, and nonanoic acid (4.3%). The main components of the EO were (Z)-β-farnesene (6.0%), spathulenol (5.9%), ar-curcumene (4.3%), and 1,5-epoxy-salvial(4)14-ene (3.8%) ( Table 1 ). We also detected these compounds in our previous Pimpinella EOs collected from Turkey ( A key reason for conducting this research was to discover alternatives to conventional insecticides; therefore, the repellent and larvicidal activities of the P. cypria EO were evaluated against the yellow fever mosquito, Aedes aegypti L. The EO was also examined for repellency against the lone star tick, Amblyomma americanum (L.). Technical N,N-diethyl-3-methylbenzamide (DEET) was used as a standard positive reference in both mosquito and tick bioassays.
An in vitro Klun & Debboun (K & D) module bioassay system was used as a primary screening tool for selecting the active extracts/compounds against Ae. aegypti, and the P. cypria EO showed biting deterrence at 10 g/cm 2 with the proportion not biting (PNB) of 0.68. However, biting deterrent activity was NPC Natural Product Communications 2016 Vol. 11 No. 10 1531 -1534 (Figure 1 ). The P. cypria EO was subsequently evaluated using human volunteers in a cloth-based repellent assay to determine minimum effective dosage (MED) for repellency. P. cypria EO showed a lower repellency than DEET in in vivo repellent bioassays. The oil had an MED for repellency of 47 ± 41 g/cm 2 as compared with an MED of 8 ± 2 mg/cm 2 for DEET.
In the larval bioassay, P. cypria EO showed larvicidal activity with LC 50 and LC 90 values of 28.3 (24.8 -32.4) and 59.9 (50.1 -77.0) ppm against 1 st instar Ae. aegypti larvae, respectively. The LC 50 value of permethrin, which was used as the positive control, was 0.0034 ppm. In the tick bioassays, six concentrations of DEET (6.5, 13, 26, 52, 104 , and 208 µg/cm 2 ) and four of P. cypria EO (26, 52, 104 , and 208 µg/cm 2 ) were tested for repellency to nymphs of the lone star tick. The solvent, ethanol, was tested as the negative control and none of the ticks were repelled by it. Concentration-repellency responses of A. americanum nymphs to DEET and P. cypria EO are shown in Figure 2 . A clear concentration-repellency response was observed for DEET. The minimum DEET concentration that resulted in a significant repellency (45.0 ± 13.2%) was 13 µg/cm 2 . DEET at 26, 52, and 104 µg/cm 2 repelled 70.0, 90.0, and 100% of the nymphs, respectively. In contrast, P. cypria EO was less effective in repelling ticks. At concentrations of 26, 52, 104, and 208 µg/cm 2 , P. cypria EO repelled 40.0, 76.7, 63.3, and 85.0% of tick nymphs, respectively. However, the differences between P. cypria EO and DEET were not statistically significant, except at the concentration of 104 µg/cm 2 . Interestingly, the effective concentration (52 -208 µg/cm 2 ) of P. cypria EO that achieved significant repellency against nymphs of the lone star tick is similar to that (100 µg/cm 2 ) against the yellow fever mosquito.
The cytotoxic effect of P. cypria EO was determined by a MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromide)] assay against PC3 (prostate), U87MG (glioblastoma), and MCF-7 (breast) cancer cells, and a normal cell HEK293 (embryonic kidney cells). The cultured PC3, U87MG, MCF-7, and HEK293 cells were treated with different dilutions of the P. cypria EO (50, 5, 0.5
Pimpinella cypria essential oil Natural Product Communications Vol. 11 (10) 2016 1533 µg/mL), followed by incubation for 48 h at 37 o C. Parthenolide was used as positive control. The results indicated that the P. cypria EO did not show significant cytotoxic effect on the tested cancer cells up to a maximum concentration of 50 g/mL (Figure 3 ).
Figure 3:
Viability of cancer and non-cancerous cell lines after P. cypria EO treatment for 48 h. Cell viability was determined by MTT assay. Control was exposed to vehicle only, which was taken as 100% viability Antimicrobial activity of P. cypria EO was examined against Gramnegative bacteria, Gram-positive bacteria, and a yeast ( Table 3) . The oil showed moderate antibacterial activity when compared with the antibiotic ampicillin; however, P. cypria EO showed the same minimum inhibitory concentration (MIC) value (g/mL) against Candida albicans as that of the positive control, flucytosine.
Pseudoisoeugenyl-type phenylpropanids showed various biological activities [2a-c, 4a-b] and among these rare phenylpropanoids, epoxypseudoisoeugenyl-2-methylbutyrate (EPB) was found to be the most prevalent phenylpropanid (up to 56.4%) in Pimpinella root EOs [4c], while EPB was only 1% of the aerial parts of the P. cypria EO. The root oil of P. cypria EO would be promising to be investigated in future studies. Biological activity of EPB has been explored by our research group previously, and it appeared as the most active antifungal compound against Phomopsis obscurans at 0.3 M [4b] and showed potent activity against Mycobacterium intracellulare, M. fortuitum, M. aurum, and M. phlei, with IC 50 values of 1.5, 3.0, 1.5, and 0.85 g/mL, respectively [4a] . EPB suppressed the proliferation of estrogen-dependent invasive breast cancer (MCF-7) and estrogen-independent invasive breast cancer (BT-549) cells by inhibiting NF-B activity [2c] . The insecticidal activity of EPB and other pseudoisoeugenol-type phenylpropanids has not been investigated against Ae. aegypti and A. americanum; therefore, these unique compounds warrant investigation against mosquitoes and ticks.
